Differential effects of apamin on neuronal excitability in the nucleus tractus solitarii of rats studied in vitro.
We demonstrated previously that microinjection of the calcium-dependent potassium channel antagonist, apamin, into the nucleus tractus solitarius (NTS) in vivo potentiated the baroreceptor reflex mediated bradycardia but attenuated the cardiopulmonary reflex. The latter result was surprising since, intuitively, potassium channel blockade would be expected to increase neuronal excitability leading to reflex potentiation. The aim of this in vitro study was to investigate possible neuronal mechanisms to explain our in vivo observations. Transverse brainstem slices of rat were cut at the level of area postrema and recordings were made from 36 NTS neurones in whole-cell mode. The neurones were classified into three groups, based on their response to apamin (10 nM). Each group had a similar resting membrane potential (RMP; -55 +/- 1 mV; n = 36) and input resistance (404 +/- 20 M omega; n = 36). (1) In 15/36 neurones, apamin decreased the number of spikes evoked during injection of positive current by 37 +/- 6%; this was associated with a concomitant fall in input resistance of 12 +/- 2% (P < 0.05). Stimulation of the ipsilateral tractus solitarius evoked EPSP-IPSP complexes in nine of the 12 neurones tested; the inhibitory components were increased in amplitude, at a holding potential of -46 mV, from -1.7 +/- 0.4 to -3.2 +/- 0.6 mV (P < 0.01) in the presence of apamin, while the EPSPs were unaffected. All three of these effects were bicuculline (10 microM) sensitive. (2) In 8/36 neurones, apamin increased the number of spikes evoked during injection of positive current by 27 +/- 8%, but affected neither RMP nor input resistance. Only one of five neurones tested demonstrated a synaptically evoked EPSP-IPSP complex. The remaining four neurones displayed a single evoked EPSP, the amplitudes of which were unaffected by apamin. (3) In the remaining neurones (13/36), apamin affected neither responsiveness to positive current injection, RMP, nor input resistance. Six of 12 neurones demonstrated synaptically evoked EPSP-IPSP complexes; at a holding potential of -46 mV, apamin increased the IPSP component from -2.6 +/- 1 to -3.6 +/- 0.8 mV (P < 0.05), while the EPSPs were unaffected. In conclusion, apamin can both increase and decrease NTS neuronal excitability: the former reflecting blockade of channels on the recorded neurone; the latter may possibly result from an increase in GABA release by interneurones impinging onto the recorded neurone. The possibility of a differential distribution of apamin-sensitive channels in sub-populations of NTS neurones subserving different reflexes is discussed.